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1
CARBON FIBER LAMINATE
PIEZOELECTRIC COOLER AND METHOD
THEREFOR

FIELD OF THE DISCLOSURE

This disclosure generally relates to information handling
systems, and more particularly relates to carbon fiber lami-
nate piezoelectric coolers at an information handling system.

BACKGROUND

As the value and use of information continues to increase,
individuals and businesses seek additional ways to process
and store information. One option is an information handling
system. An information handling system generally processes,
compiles, stores, and/or communicates information or data
for business, personal, or other purposes. Because technology
and information handling needs and requirements may vary
between different applications, information handling systems
may also vary regarding what information is handled, how the
information is handled, how much information is processed,
stored, or communicated, and how quickly and efficiently the
information may be processed, stored, or communicated. The
variations in information handling systems allow for infor-
mation handling systems to be general or configured for a
specific user or specific use such as financial transaction
processing, airline reservations, enterprise data storage, or
global communications. In addition, information handling
systems may include a variety of hardware and software
components that may be configured to process, store, and
communicate information and may include one or more com-
puter systems, data storage systems, and networking systems.

BRIEF DESCRIPTION OF THE DRAWINGS

It will be appreciated that for simplicity and clarity of
illustration, elements illustrated in the Figures have not nec-
essarily been drawn to scale. For example, the dimensions of
some of the elements are exaggerated relative to other ele-
ments. Embodiments incorporating teachings of the present
disclosure are shown and described with respect to the draw-
ings presented herein, in which:

FIG.11s a block diagram illustrating a cooling system of an
information handling system according to a specific embodi-
ment of the present disclosure;

FIG. 2 is a perspective diagram illustrating an information
handling system according to an embodiment of the present
disclosure;

FIG. 3 illustrates enclosure and chassis components of the
information handling system of FIG. 2 according to a specific
embodiment of the present disclosure;

FIG. 4 is a top-down view of a portion of the enclosure
bottom of FIG. 3 according to a specific embodiment of the
present disclosure;

FIG. 5 is a cross sectional view of the enclosure bottom of
FIG. 3 according to a specific embodiment of the present
disclosure;

FIG. 6 is an enlarged view of the vibrating element shown
in FIG. 5;

FIG. 7 is a cross sectional view of the enclosure bottom
according to another embodiment of the present disclosure;

FIG. 8 is an enlarged view of the vibrating element shown
in FIG. 7,

FIG. 9 is a flow diagram illustrating a method for control-
ling piezoelectric fans according to a specific embodiment of
the present disclosure;
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FIG. 10 shows a flow diagram illustrating a method for
controlling piezoelectric fans according to another embodi-
ment of the present disclosure;

FIG. 11 is a flow diagram illustrating a method for initial-
izing operation of a distributed piezoelectric cooling system
according to yet another embodiment of the present disclo-
sure;

FIG. 12 shows a flow diagram illustrating a method for
administering a distributed piezoelectric cooling system
according to still another embodiment of the present disclo-
sure;

FIG. 13 illustrates techniques for fabricating a piezoelec-
tric cooling device according to a specific embodiment of the
present disclosure; and

FIG. 14 is a block diagram of an information handling
system according to an embodiment of the present disclosure.

The use of the same reference symbols in different draw-
ings indicates similar or identical items.

DETAILED DESCRIPTION OF DRAWINGS

The following description in combination with the Figures
is provided to assist in understanding the teachings disclosed
herein. The following discussion will focus on specific imple-
mentations and embodiments of the teachings. This focus is
provided to assist in describing the teachings and should not
be interpreted as a limitation on the scope or applicability of
the teachings. However, other teachings may be utilized in
this application, as well as in other applications and with
several different types of architectures such as distributed
computing architectures, client or server architectures, or
middleware server architectures and associated components.

Information handling systems generate heat during opera-
tion. Heat can be dissipated from the system using active,
passive or a combination of active and passive cooling tech-
niques. Passive cooling systems can include heat sinks, heat
pipes, and other structures that conduct heat away from a
system components that generates heat, such as a central
processing unit (CPU), a graphics processing unit (GPU), and
other modules that together make up an information handling
system. Active cooling systems generally include a fan for
drawing in cooler air from outside the system and exhausting
warmer air from inside the system. Increasing miniaturization
of information handling systems necessitates advanced cool-
ing solutions. Disclosed herein are techniques for fabricating
piezoelectric cooling devices using portions of the enclosure
of'the information handling system. For example, a portion of
a carbon fiber laminate chassis can be made to sympatheti-
cally vibrate in response to stimulus from a piezoelectric
transducer. In one embodiment, a portion of a carbon fiber
laminate layer can be machined to provide a cantilevered flap,
which can be excited to vibrate by vibrations generated by a
piezoelectric transducer proximate to the flap. These flap
structures can be distributed within an information handling
system, such as adjacent to a heat-producing device, to cir-
culate air away from the device and to prevent areas of stalled
air flow.

In another embodiment, a plurality of piezoelectric cooling
elements can be selectively enabled and disabled based on a
stored cooling profile. For example, a cooling profile can be
determined during operation of an information handling sys-
tem and the profile can be updated as necessary based on
variations of predetermined operating characteristics. A cool-
ing system can utilize the generated cooling profile to appro-
priately configure the cooling system based on various oper-
ating parameters of the system. For example, a cooling profile
can specify that piezoelectric cooling elements in the vicinity
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of a graphics processing device should be energized in
response to initiating execution of a particular game applica-
tion. Other operating parameters identified in the cooling
profile can include power consumption at various system
components, ambient temperature, device driver configura-
tions, overclocking, and the like. The cooling profile can be
updated, for example adapting to changing operating param-
eters and new software applications.

In still another embodiment, piezoelectric transducers can
be used to excite sympathetic vibration of other chassis struc-
tures to induce air movement. For example, fins included atan
exhaust vent or at a heat sink component can be made to
sympathetically vibrate in response to an adjacent piezoelec-
tric transducer. For another example, piezoelectric transduc-
ers can be used to excite resonant vibration in substantial
portions of a chassis panel or enclosure panel to redistribute
air within an information handling system and thereby mini-
mize the size and magnitude of localized heated air. The
techniques described above can be better understood with
reference to FIGS. 1-14.

FIG. 1 shows a cooling system 100 of an information
handling system according to a specific embodiment of the
present disclosure. For example, the information handling
system can be a lap-top computer, a tablet computer, or
another type of system that includes active cooling technol-
ogy. Cooling system 100 includes a cooling controller 110,
one or more piezoelectric fans 120, one or more temperature
sensors 130, one or more vibration sensors 140, and one or
more airflow sensors 142. The cooling controller can receive
operating parameters 150 that can be utilized by the cooling
controller 110 to regulate operation of the piezoelectric fans
120. The cooling controller includes a cooling profile 112.
Cooling controller 110 can utilize information provided by
cooling profile 112 to specify an initial cooling configuration
of controller 110. In addition, the cooling profile 112 can
adapt to changes in operating conditions at the system, and
thereby modify operation of cooling controller 110.

Cooling controller 110 is configured to control operation of
piezoelectric fans 120 and other devices and circuitry that can
affect thermal characteristics of an information handling sys-
tem. For example, cooling system 100 can control execution
of software applications, processor clock frequency, and the
like. Cooling controller 110 can be responsive to temperature
information received form temperature sensors 130. Tem-
perature sensors 130 can include one or more discrete tem-
perature sensing devices located with the information han-
dling system, and temperature sensing components that are
integrated within semiconductor devices and other system
components. For example, a central processing unit (CPU)
and other integrated circuit devices typically include tem-
perature sensors that can provide operating temperature infor-
mation to the cooling controller 110. Cooling controller 110
can utilize information provided by vibration sensors 140 and
airflow sensors 142 to regulate operation of cooling system
100. For example, vibration sensors 140 can identify when a
piezoelectric fan is operating efficiently, such as at an optimal
resonant frequency. Airflow sensors 142 can include a micro-
electro-mechanical system (MEMS) airflow sensor.

Operating parameters 150 can include information pro-
vided by device drivers associated with devices installed at
the information handling system, power consumption at one
or more system components, the identity and operating status
of software applications that are being executed by the sys-
tem, and the like. The cooling profile 112 can include a
lookup table providing specific cooling configurations based
on a collection of operating parameters as well as algorithms
to adapt and update the cooling profile based on the operating
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parameters 150 as they change over time. A cooling configu-
ration can include individual operating settings for each
piezoelectric fan distributed throughout the system. The
adaptive behavior provided by cooling profile 112 can be
referred to as a learning process. For example, the cooling
controller can update the cooling profile in response to deter-
mining a cooling configuration that is optimal for operation of
a new application program installed at the information han-
dling system.

While FIG. 1 illustrates the use of piezoelectric fans 120,
many of the features and techniques described herein are
applicable to other cooling devices, including rotating fans,
pump-actuated liquid cooling systems, radiators, and the like.
However, the piezoelectric fans disclosed herein are espe-
cially well suited for compact systems such as notebook
computers, tablet computers, mobile communications
devices, and the like. Piezoelectric fans 120 include a
mechanical element that is excited to vibrate by a piezoelec-
tric transducer that is closely coupled to the mechanical ele-
ment. Cooling controller 110 can include a tunable oscillator
that provides a signal to the piezoelectric transducer. Cooling
controller 110 can adjust the frequency of the oscillator to
maximize air movement generated by the mechanical ele-
ment. For example, maximum air movement is typically
achieved when the frequency of the oscillator is adjusted to
bring the mechanical element to a state of sympathetic reso-
nance. The ideal frequency to achieve resonance depends on
the dimensions of the mechanical element, the material from
which the mechanical element is fabricated, and other param-
eters. Optimal performance of the piezoelectric fan can be
determined based on feedback received from temperatures
sensors 130, vibration sensors 140, airflow sensors 142, sig-
nals received from the piezoelectric transducer, or the like. All
of these aspects are described in detail below.

FIG. 2 shows an information handling system 200 accord-
ing to an embodiment of the present disclosure. The informa-
tion handling system 200 includes a cooling controller 110
and a plurality of piezoelectric fans distributed at locations
inside the information handling system, including an exem-
plary piezoelectric fan 120. The other components of cooling
system 100 are not shown, for clarity. Information handling
system 200 optionally includes one or more air intake and
exhaust vents, such as exhaust vent 210. In one embodiment,
the information handling system includes no intake or
exhaust vents. For example, piezoelectric fans distributed
inside the information handling system can move warm air
away from heat sources, allowing passive thermal radiation to
dissipate the heat out of the system. In another embodiment,
vent fins included at the exhaust vent 210 can be excited to
vibrate by a nearby piezoelectric transducer, the vibration
causing movement of air proximate to the vent and increasing
the exhaust of warm air from the interior of the information
handling system 200.

Information handling system 200 includes an enclosure
and other chassis components. In an embodiment, significant
portions of the enclosure can include a laminated carbon fiber
composite. For example, the enclosure can include a plurality
of carbon fiber sheets bonded together. The carbon fiber lay-
ers can include unidirectional carbon fibers, carbon fibers that
are woven orthogonally, or other fiber variations. A particular
layup fiber material can be selected for different portions of
the enclosure or chassis components to achieve a desired
stiffness characteristic, durability, aesthetic quality, and the
like. As disclosed herein, an inner-most layer of carbon fiber
of the composite layup can be machined or otherwise pro-
cessed to include a vibrating element of a piezoelectric fan.
Accordingly, physical and chemical characteristics of this
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carbon fiber layer can be selected based on the utility of the
material for serving this purpose. For example, fiber orienta-
tion, binding resin, laminate thickness, and other character-
istics can be selected to increase the durability and resonant
characteristics of the vibrating element, and other desired
qualities. For other embodiments, the enclosure can include
metal, thermoplastic, another material, or a combination of
materials.

For purposes of this disclosure, an information handling
system may include any instrumentality or aggregate of
instrumentalities operable to compute, classify, process,
transmit, receive, retrieve, originate, switch, store, display,
manifest, detect, record, reproduce, handle, or utilize any
form of information, intelligence, or data for business, scien-
tific, control, entertainment, or other purposes. For example,
an information handling system may be a personal computer,
a PDA, a consumer electronic device, a network server or
storage device, a switch router, wireless router, or other net-
work communication device, or any other suitable device and
may vary in size, shape, performance, functionality, and
price. The information handling system may include
memory, one or more processing resources such as a central
processing unit (CPU) or hardware or software control logic.
Additional components of the information handling system
may include one or more storage devices, one or more com-
munications ports for communicating with external devices
as well as various input and output (I/O) devices, such as a
keyboard, a mouse, and a video display. The information
handling system may also include one or more buses operable
to transmit communications between the various hardware
components.

FIG. 3 illustrates enclosure and chassis components 300 of
the information handling system 200 of FIG. 2, including an
enclosure bottom 310, a printed circuit board assembly 320,
an intermediate chassis component 330, and an enclosure top
340. The components 310, 320, 330, and 340 can be stacked
one atop another as shown by the arrows. Enclosure bottom
310 provides fastening locations for mounting the printed
circuit board 320 and other mechanisms. The enclosure and
chassis components can include various openings to accom-
modate sockets, connectors, display devices, access panels,
and the like. The intermediate chassis component 330 can
provides fastening locations for attaching the intermediate
chassis component 330 to the enclosure bottom 310. The
intermediate chassis component 330 can includes a keyboard
opening 322, a touchpad device opening 324, and a function
button opening 326, and the like. Enclosure top 340 can
provide fastening locations for a display and includes features
to facilitate attaching the enclosure top 340 to the enclosure
bottom 310. The techniques disclosed herein are illustrated
with respect to the enclosure bottom 310, but are equally
applicable to any laminated component included in an infor-
mation handling system. A cross sectional indicator 312 is
shown corresponding to the enclosure bottom 310, and is
described below with reference to FIGS. 4-8.

The printed circuit board 320 can include a plurality of
electronic components 322, such as a central processing unit,
chip sets, embedded controllers, graphic processing units,
network interfaces, and the like. The printed circuit board 320
also can include one or more discrete temperature sensors
130, in addition to temperature sensors that may be integrated
within one or more of electronic components 322. The enclo-
sure bottom 310 can include a plurality of piezoelectric fans
120, one or more vibration sensors 140, and one or more
airflow sensors 142. While the piezoelectric fans 120, vibra-
tion sensors 140, and airflow sensors 142 are shown associ-
ated with the enclosure bottom 310, each may be associated
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with the intermediate chassis component 330, the printed
circuit board 320, the enclosure top 340, or with another
chassis component, not shown at FIG. 3.

In an embodiment of the present disclosure, the piezoelec-
tric fans 120 are fabricated, in part, from a layer of carbon
fiber included in a stack of laminated carbon fiber sheets, as
described below in detail. In another embodiment, the piezo-
electric fans 120 can include discrete components attached to
the enclosure bottom 310, the printed circuit board 320, the
intermediate chassis component 330, or at another compo-
nent. During operation of the information handling system
200, the piezoelectric fans 120 are configured to move air
from one inside portion of the system 200 to another portion.
For example, a piezoelectric fan 120 can be located in prox-
imity to a corresponding electronic component 322 so as to
move air, heated by the electronic component, away from the
vicinity of the component.

FIG. 4 is a top-down view of a portion of the enclosure
bottom 310 of FIG. 3 according to a specific embodiment of
the present disclosure. The enclosure bottom 310 includes a
stack of carbon fiber sheets, including a carbon fiber sheet
410. The cross sectional indicator 312 of FIG. 3 is shown. A
piezoelectric fan 120 is illustrated, including a vibrating ele-
ment 420 and a piezoelectric transducer 430. The features of
the vibrating element 420 are described below with reference
to FIGS. 5-8. The vibrating element 420 includes a first side,
reference A, a second side, reference B, a free end, reference
C, and a root end adjacent to the piezoelectric transducer 430.
It will be appreciated that the portion of carbon fiber sheet 410
has been highly magnified so as to better view the features of
the piezoelectric fan 120.

FIG. 5 is a cross sectional view of the enclosure bottom 310
along cross section reference 312, according to a specific
embodiment of the present disclosure. The cross section 312
shows a stack of sheet material, including sheet 402, 404, 406,
408, and the carbon fiber sheet 410 of FIG. 4. In one embodi-
ment, the vibrating element 420 is formed in carbon fiber
sheet 410 prior to laminating sheet 410 to sheets 402-408.
FIG. 6 shows a magnified view of the vibrating element
shown at FIG. 5. According to the embodiment of FIGS. 5 and
6, the vibrating element can be provided by milling an open-
ing fully penetrating carbon fiber sheet 410, the opening
corresponding to sides A and B, and end C of FIG. 4. For
example, a sawing or milling tool can render cuts that extend
from the top major surface of sheet 410 to the bottom major
surface of sheet 410 along the lines A, B, and C, providing a
cantilever structure that is free from the remainder of sheet
410 at sides A and B, and at end C, but remains rooted at the
remaining end adjacent to the piezoelectric transducer 430.
The vibrating element 420 can be referred to as a flap, in part
because the movement of the element in response to excita-
tion by piezoelectric transducer 430 can be described as flap-
ping. In this embodiment, the entirety of the opening, includ-
ing sides A and B, and end C, is made perpendicular to the
major surfaces of sheet 410. The portion of the opening cor-
responding to the end C is identified by reference 421 at F1G.
6.

As shown at FIG. 6, carbon fiber sheet 410 has a thickness
indicated by reference Y, and the length of the vibrating
element indicated by reference X. The width of the vibrating
element corresponds to reference C of FIG. 4. In one embodi-
ment, the thickness of carbon fiber sheet 410, and therefore
the thickness of the vibrating element 420, Y, can be 0.15
millimeters. The length of the vibrating element 420, X, can
be five millimeters, and the width, C, can be two millimeters.
Each ofthese dimensions can vary considerably without devi-
ating from the scope of the present disclosure, though the
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length dimension is typically greater than the width dimen-
sion. The dimensions of the vibrating element 420 can deter-
mine the resonant characteristics of the element. Accordingly,
the frequency of oscillation of the signal provided to piezo-
electric transducer 430 can depend, in part, on the dimensions
of the vibrating element 430.

The operating frequency can be established based on the
principles of a feedback control system, wherein the fre-
quency of the signal applied to the piezoelectric transducer
430 is optimized based on feedback received from thermal
sensors 130, vibration sensors 140, airflow sensors 142, the
piezoelectric transducer 430, or the like. In one embodiment,
the frequency of operation can be between twenty and thirty
kilohertz. In another embodiment, the frequency can be peri-
odically varied, for example repeatedly ramping the fre-
quency from one frequency to another over a period of time.
For example, the frequency can be repeatedly ramped from 25
KHz to 26 KHz every one second. One of skill will appreciate
that the frequencies provided are only examples, and that an
optimal frequency of operation can vary considerably based
on dimensions of the vibrating elements and physical char-
acteristics of the carbon fiber material. For example, an opti-
mal frequency may be lower or higher than described above,
such as in the range of 15 KHz to 45 KHz.

One or more sheets of sheets 402-410 can include prepreg-
nated (prepreg) fiber materials. The prepregnated fiber mate-
rials can be placed in a mould, during which time the mate-
rials cure to form the desired shape of the bottom enclosure.
A prepreg fiber material can include a layer of carbon fiber
material to which a matrix material has been applied. The
carbon fiber material can include strands of carbon fiber, a
woven fabric of the fiber material, or a combination thereof.
The matrix material substantially fills all voids between indi-
vidual fibers of the fiber material. In a particular embodiment,
the matrix material includes a polymer or resin matrix mate-
rial, and can be a thermoplastic matrix or a thermosetting
matrix material. For example, the matrix material can include
an epoxy resin, a phenolic resin, polyester resin, vinyl ester
resin, another matrix material, or a combination thereof. The
fiber materials can include glass fiber, carbon fiber, aramid
fiber, natural fiber, or another type of fiber that is prepregnated
with the matrix material. The skilled artisan will recognize
that there are several methods of prepregnating the fiber mate-
rial, including a hot melt prepregnation process, a solvent dip
prepregnation process, another prepregnation process, or a
combination thereof. The moulding process can include a
vacuum bag or pressure bag moulding process, a press moul-
ding process, another moulding process, or a combination
thereof, as needed or desired.

The laminating process is configured to ensure that the
bottom of the vibrating element 420 that is adjacent to sheet
408 is not bonded to sheet 408. Accordingly, the vibrating
element is free to flex in a small arc, away from sheet 408 in
response to vibration of piezoelectric transducer 430, illus-
trated by reference Z. The piezoelectric transducer 430,
shown at FIGS. 4-6, can be embedded in an indentation
milled into sheet 410, or otherwise bonded securely to sheet
410 proximate to the root end of vibrating element 420.
During operation, an oscillatory signal is applied to input
leads of the piezoelectric element causing the element to
vibrate. This vibration is communicated through portions of
sheet 410 in the vicinity of vibrating element 420, causing the
element 420 to sympathetically vibrate. The frequency of the
signal applied to piezoelectric transducer 430 can be adjusted
to cause optimal vibration of element 420, the optimal fre-
quency referred to herein as the resonant frequency.
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In one embodiment, one or more of sheets 402-408 can
include a material selected to dampen transmission of vibra-
tions from inside the information handling system 200 to the
exterior of the enclosure. For example, sheet 404 of FIG. 5
can include a material having elastic properties, such as ther-
moplastic material. Vibrations from the vibrating element
420 or from other internal devices can be substantially
absorbed by sheet 404 so that a user of the system 200 does
not sense the vibration while holding the system.

FIG. 7 is a cross sectional view of the enclosure bottom 310
along cross section reference 312, according to another
embodiment of the present disclosure. FIG. 8 is a magnified
view of the vibrating element shown at F1G. 7. The vibrating
element 420 is similar to that described with reference to
FIGS. 4-6 with one exception. In the embodiment of FIGS. 7
and 8, the portion of the opening defined by reference C and
reference 421 is milled at an acute angle with respect to the
top major surface of carbon fiber sheet 410 instead of perpen-
dicular to the major surface as in FIGS. 5 and 6. The portion
of opening 421 can extend all the way through sheet 410, or
can extend only partially into sheet 410, thus terminating
before piercing sheet 410, adjacent to sheet 408. The portion
of the opening corresponding to references A and B can be
perpendicular to the major surface of sheet 410, the same as
described above in the first embodiment. Note that the plung-
ing angle is not drawn to scale. For example, dimension X can
be five millimeters and the thickness of sheet 410 can be 0.15
millimeters. In an embodiment, the opening corresponding to
references A, B, and C can be provided after lamination and
molding of sheets 402-410. Similar to described above,
piezoelectric transducer 430 can be bonded proximate to the
root end of vibrating element 420, as shown at FIGS. 7 and 8.

FIG. 9 shows a flow diagram illustrating a method 900 for
controlling piezoelectric fans according to a specific embodi-
ment of the present disclosure. Method 900 begins at block
901 where a temperature at a temperature sensor is moni-
tored. For example, cooling controller 110 can routinely
monitor one or more temperature sensors 130 included at
information handling system 200. The method continues at
decision block 902 where it is determined whether the tem-
perature at the temperature sensor is below a designated limit.
For example, if the temperature at a temperature sensor 130 is
below a predetermined threshold, the method returns to block
901 where the monitoring of temperature sensors 130 contin-
ues. If the temperature at a sensor 130 exceeds the threshold,
the method proceeds to block 903 where a piezoelectric fan
120 nearest to the sensor 130 is identified. The method con-
tinues at block 904 where operation of the identified fan is
adjusted. For example, the identified piezoelectric fan 120
may initially be unpowered and cooling controller 110 can
enable operation of the fan. Alternatively, the fan 120 may be
operating at low power and cooling controller 110 can
increase the operating power so that the fan provides addi-
tional cooling in the vicinity of the fan. One or more fans can
be disabled or their operating power can be decreased if
cooling is no longer needed at a particular portion of the
system.

The method continues at decision block 905 where the
cooling controller 110 once again monitors the temperature at
the temperature sensor 130 to determine whether the exces-
sive temperature situation has been remedied. If the tempera-
ture at the temperature sensor 130 still exceeds the threshold,
the method returns to block 904 where further adjustments of
the operation of the fan 120 can be made. However, if the
temperature at the temperature sensor 130 no longer exceeds
the threshold, the method can proceed to block 906 where the
cooling profile 112 can be updated. The cooling profile 112
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can include information describing the configuration of each
of piezoelectric fans 120, temperature information from each
of temperature sensors 130, vibration sensors 140, airflow
sensors 142, and operating parameters 150, as described
above. At another time, the cooling controller 110 can utilize
the cooling profile and current operating parameters to ini-
tialize or configure operation of the piezoelectric fans 120. In
an embodiment, the piezoelectric fans can include a carbon
fiber vibrating elements 420 and an associated piezoelectric
transducer 430, as described above with reference to FIGS.
4-8.

FIG. 10 shows a flow diagram illustrating a method 1000
for controlling piezoelectric fans according to another
embodiment of the present disclosure. Method 1000 begins at
block 1001 where software applications that are executing at
an information handling system are identified. For example,
cooling controller 110 at information handling system 200
can determine the identity of programs presently in execu-
tion, such as a word processing application. The method
continues at block 1002 where power consumption of system
components can be monitored. For example, cooling control-
ler 110 can monitor instantaneous or average power con-
sumption at one or more components or subsystems included
at information handling system 200, such as the CPU, graph-
ics processor, peripheral devices, chipsets, and the like. The
method continues at block 1003 where a temperature at each
temperature sensor is monitored. For example, temperature
sensors 130 can provide thermal information at a multiple
locations within the system 200. The method continues at
block 1004 where vibration information, if available, can be
monitored. For example, the system 200 can include one or
more vibration sensors. The vibration sensor can provide
information indicative of the performance of a vibrating ele-
ment 420, and can provide an indication of vibration con-
ducted to an enclosure surface that may be felt by a user of the
system 200.

The method continues at block 1005 where the location of
piezoelectric fans, with respect to the location of the tempera-
ture and vibration sensors can be identified. For example,
cooling controller can determine which piezoelectric fan is
closest to a hot spot. The method continues at block 1006
where the operation of each piezoelectric fan can be adjusted.
For example, each of piezoelectric fans 120 can be configured
to an initial operating condition. The initial operating condi-
tion can be determined based on information stored at cooling
profile 120. The method continues at decision block 1007
where it is determined whether a temperature at each tem-
perature sensor exceeds a designated threshold. If one or
more sensors indicate excessive heat, the method returns to
block 1003 where adjustments can be refined. If the tempera-
ture at each sensor is acceptable, the method proceeds to
block 1008 where the cooling profile can be updated. One of
skill will appreciate that method 1000 has been simplified for
clarity. For example, the process for adjusting the operation of
each piezoelectric fan 120 can be iterative to increase, but also
to decrease, the performance of each fan. If a particular por-
tion of information handling system 200 is sufficiently cool,
piezoelectric fans in that area can be disabled or throttled.
Method 1000 can be performed continuously, updating fan
operation and updating the cooling profile 112 to improve
system efficiency, adjust for changing circumstances, or to
optimize other characteristics. In an embodiment, the cooling
profile 112 can take into account information provided in a
configuration file. For example, a user can configure the
operation of information handling system 200 and cooling
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system 112 to optimize computational performance, to
increase battery life, to minimize sound or vibration, and the
like.

FIG. 11 shows a flow diagram illustrating a method 1100
forinitializing operation ofa distributed piezoelectric cooling
system according to yet another embodiment of the present
disclosure. Method 1100 begins at block 1101 where the
cooling controller 110 identifies software applications pres-
ently being executed at the information handling system 200.
The method continues at block 1102 where the controller 110
determines the present state of operating parameters at sys-
tem 200. As described above, the operating parameters can
include a measurement, characteristic, or other variable that
can affect the operation of system 200, from a thermal per-
spective. The method continues at block 1103 where the
cooling profile 112 can be accessed. The collection of
acquired system information can be used to determine an
appropriate configuration of each piezoelectric fan. For
example, the cooling profile can include a multi-dimensional
lookup table or mathematical algorithm that correlates oper-
ating information and parameters with the operation of each
piezoelectric fan 120.

FIG. 12 shows a flow diagram illustrating a method 1200
for administering a distributed piezoelectric cooling system
according to still another embodiment of the present disclo-
sure. Method 1200 illustrates the versatility of cooling con-
troller 110 and cooling profile 112. The method begins at
block 1201 where the cooling controller 110 can determine an
ambient temperature of information handling system 200
and/or a temperature of a CPU upon system start. The method
continues at block 1202 where the cooling controller moni-
tors software applications and software processes presently
active at the system. The method continues at decision block
1203 where the cooling controller 110 determines whether
cooling profile 112 has been generated, and if so, whether the
cooling profile includes fan configuration information corre-
sponding to the temperature and application information
determined at blocks 1201 and 1202. If configuration infor-
mation matching the present operating conditions is not
present at cooling profile 112, the method continues at block
1204 where power consumption at selected system compo-
nents can be tracked. The method continues at block 1205
where an initial operating configuration for piezoelectric fans
120 is selected. The method continues at block 1206 where
the system characteristics and fan configuration are saved at
the cooling profile 112.

Returning to decision block 1203, if configuration infor-
mation matching the present operating conditions is present
at cooling profile 112, the method continues at block 1207
where operation of piezoelectric fans 120 can be configured
based on the system characteristics and fan configuration
information saved at the cooling profile 112. The method
continues from block 1206 or 1207 to decision block 1208,
where the cooling controller 110 monitors temperature sen-
sors 130 to determine whether the temperature at any portion
of information handling system exceeds specified levels. If
cooling is found inadequate, the method returns to block 1201
where the iterative learning process to can be continued and
the cooling profile 112 can be updated. If cooling is found
adequate, the method continues to decision block 1209,
where cooling controller 110 can determine whether an ad-
hoc error or task is detected. For example, cooling controller
110 can monitor temperature sensors 120, vibrations sensors
140, airflow sensors 142, and operating parameters 150, the
operating parameters including the identity of software appli-
cations presently being executed at system 200. Ifat any time,
the set of operational information is inconsistent with infor-



US 9,422,944 B2

11

mation specified at cooling profile 112, cooling system 110
can determine that there may be an error of some kind at
system 200.

Examples of an ad-hoc error can include dust accumulation
at one or more piezoelectric fans, input vents, or exhaust
vents, a circuit malfunction or fan malfunction, a mischarac-
terization of one or more software applications, and the like.
Ifan ad-hoc error or other irregularity is detected, the method
can proceed to block 1211 where the cooling profile 112 can
be updated. For example, cooling system 110 can determine
that increasing the operating power of a particular piezoelec-
tric fan is sufficient to overcome the irregularity, and the
cooling profile 112 can be updated to reflect the new configu-
ration. If the error can not be addressed, an error message can
be generated. For example, the cooling system 110 can gen-
erate an on-screen message to a user that cleaning or other
maintenance of system 200 is advised.

FIG. 13 illustrates techniques for fabricating a piezoelec-
tric cooling device 1300 according to a specific embodiment
of the present disclosure. The cooling device 1300 can be
adapted to provide fins of a heat sink, fins at an intake or
exhaust vent, such as vent 210 of FIG. 2. At drawing 1,
openings 1301 can be milled into material 1310. The material
1310 can include aluminum, aluminum bonded with carbon
fiber, carbon fiber, another metal, or combination of metal and
a composite material. The openings 1301 do not fully pen-
etrate the material 1310. The material remaining between the
openings can be pulled, bent or otherwise manipulated, as
indicated by the curved arrows, so that the remaining material
form fins 1312 that are perpendicular to a major surface of
material 1300, as shown at drawing 2. Alternatively, a subset
of the fins 1314 can be oriented at an angle that is less than
perpendicular, as shown at drawing 3. Drawings 2 and 3
illustrate the fin assembly incorporated at a vent, such as vent
210. A piezoelectric transducer 430 is bonded to the material
1310. While drawing 1 illustrates one technique for fabricat-
ing fins 1312 and 1314, other fabrication methods can be
applied without deviating from the scope of the present dis-
closure. For, example, fins 1312 and 1314 can be fabricated
from one or more layers of carbon fiber material using a
molding process, or the like. Fins can be provided in a linear
row, as illustrated, or can be provided in a two dimensional
array including more than one row.

During operation, an oscillating signal is applied to the
transducer 430, causing the transducer to vibrate and induc-
ing fins 1312 or 1314 to vibrate in sympathy with transducer
430. The non-parallel fins 1314 at drawing 3 can stimulate
increased air flow relative to the parallel fins 1312 by creating
localized regions of non-uniform air pressure. As described
above, cooling controller 110 can configure operation of
transducer 430 to provide optimal air flow, based on informa-
tion provided by temperature sensors, vibrations sensors, or
based on information provided by the cooling profile 112.

FIG. 14 illustrates a generalized information handling sys-
tem 1400 that can be utilized to carry the methods and to
instantiate the devices and modules as described herein. As
such, information handling system 1400 can include one or
more computer-readable storage mediums that include
machine-executable code for performing the methods or that
are operated on by the devices and modules for carrying out
the operations of the devices and modules described herein.
Information handling system 1400 includes a processor 1402
and one or more additional processors 1404, a chipset 1410,
a memory 1420, a graphics interface 1430, include a basic
input and output system/extensible firmware interface
(BIOS/EFT) module 1440, a disk controller 1450, a disk emu-
lator 1460, an input/output (/O) interface 1470, a network
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interface 1480, and a management controller (MC) 1490.
Processor 1402 is connected to chipset 1410 via processor
interface 1406, and processor 1404 is connected to the chipset
via processor interface 1408. Memory 1420 is connected to
chipset 1410 via amemory bus 1422. Graphics interface 1430
is connected to chipset 1410 via a graphics interface 1432,
and provides a video display output 1436 to a video display
1434. In a particular embodiment, information handling sys-
tem 1400 includes separate memories that are dedicated to
each of processors 1402 and 1404 via separate memory inter-
faces. An example of memory 1420 includes random access
memory (RAM) such as static RAM (SRAM), dynamic RAM
(DRAM), non-volatile RAM (NV-RAM), or the like, read
only memory (ROM), another type of memory, or a combi-
nation thereof.

BIOS/EFI module 1440, disk controller 1450, and 1/O
interface 1470 are connected to chipset 1410 via an I/O chan-
nel 1412. An example of I/O channel 1412 includes a Periph-
eral Component Interconnect (PCI) interface, a PCI-Ex-
tended (PCI-X) interface, a high-speed PCI-Express (PCle)
interface, another industry standard or proprietary communi-
cation interface, or a combination thereof. Chipset 1410 can
also include one or more other I/O interfaces, including an
Industry Standard Architecture (ISA) interface, a Small Com-
puter Serial Interface (SCSI) interface, an Inter-Integrated
Circuit (I°C) interface, a System Packet Interface (SPI), a
Universal Serial Bus (USB), another interface, or a combina-
tion thereof. BIOS/EFI module 1440 includes BIOS/EFI
code operable to detect resources within information han-
dling system 1400, to provide drivers for the resources, ini-
tialize the resources, and access the resources. BIOS/EFI
module 1440 includes code that operates to detect resources
within information handling system 1400, to provide drivers
for the resources, to initialize the resources, and to access the
resources.

Disk controller 1450 includes a disk interface 1452 that
connects the disc controller to a hard disk drive (HDD) 1454,
to an optical disk drive (ODD) 1456, and to disk emulator
1460. An example of disk interface 1452 includes an Inte-
grated Drive Electronics (IDE) interface, an Advanced Tech-
nology Attachment (ATA) such as a parallel ATA (PATA)
interface or a serial ATA (SATA) interface, a SCSI interface,
a USB interface, a proprietary interface, or a combination
thereof.

1/0O interface 1470 includes a peripheral interface 1472 that
connects the I/O interface to an add-on resource 1474 and to
network interface 1480. Peripheral interface 1472 can be the
same type of interface as [/O channel 1412, or can be a
different type of interface. As such, 1/O interface 1470
extends the capacity of /O channel 1412 when peripheral
interface 1472 and the I/O channel are of the same type, and
the I/O interface translates information from a format suitable
to the 1/0 channel to a format suitable to the peripheral chan-
nel 1472 when they are of a different type. Add-on resource
1474 can include a data storage system, an additional graph-
ics interface, a network interface card (NIC), a sound/video
processing card, another add-on resource, or a combination
thereof. Add-on resource 1474 can be on a main circuit board,
on separate circuit board or add-in card disposed within infor-
mation handling system 1400, a device that is external to the
information handling system, or a combination thereof.

Network interface 1480 represents a NIC disposed within
information handling system 1400, on a main circuit board of
the information handling system, integrated onto another
component such as chipset 1410, in another suitable location,
or a combination thereof. Network interface device 1480
includes network channels 1482 and 1484 that provide inter-
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faces to devices that are external to information handling
system 1400. In a particular embodiment, network channels
1482 and 1484 are of a different type than peripheral channel
1472 and network interface 1480 translates information from
aformat suitable to the peripheral channel to a format suitable
to external devices. An example of network channels 1482
and 1484 includes InfiniBand channels, Fibre Channel chan-
nels, Gb Ethernet channels, proprietary channel architec-
tures, or a combination thereof. Network channels 1482 and
1484 can be coupled to external network resources (not illus-
trated). The network resource can include another informa-
tion handling system, a data storage system, another network,
a grid management system, another suitable resource, or a
combination thereof.

MC 1490 is connected to processors 1402 and 1404,
chipset 1410, memory 1420, and BIOS/EFI module 1440 via
a system communication bus 1492. MC 1490 may be on a
main circuit board (e.g., a baseboard, a motherboard, or a
combination thereof), integrated onto another component
such as chipset 1410, in another suitable location, or a com-
bination thereof. In a particular embodiment, one or more
additional resources of information handling system 1400,
such as graphics interface 1430, video display 1434, 1/0
interface 1470, disk controller 1450, and network interface
1480 are connected to MC 1490. MC 1490 can be part of an
integrated circuit or a chip set within information handling
system 1400, and can be on a main circuit board, on separate
circuit board or add-in card disposed within the information
handling system, or a combination thereof. An example of
MC 1490 includes a baseboard management controller
(BMC), anintegrated Dell remote access controller iDRAC),
another controller, or a combination thereof. An example of
system communication bus 1492 includes an inter-integrated
circuit (I*C) bus, a system management bus (SMBus), a serial
peripheral interface (SPI) bus, a low pin count (LPC) bus,
another bus, or a combination thereof.

Although only a few exemplary embodiments have been
described in detail herein, those skilled in the art will readily
appreciate that many modifications are possible in the exem-
plary embodiments without materially departing from the
novel teachings and advantages of the embodiments of the
present disclosure. Accordingly, all such modifications are
intended to be included within the scope of the embodiments
of'the present disclosure as defined in the following claims. In
the claims, means-plus-function clauses are intended to cover
the structures described herein as performing the recited
function and not only structural equivalents, but also equiva-
lent structures.

The above-disclosed subject matter is to be considered
illustrative, and not restrictive, and the appended claims are
intended to cover any and all such modifications, enhance-
ments, and other embodiments that fall within the scope of the
present invention. Thus, to the maximum extent allowed by
law, the scope of the present invention is to be determined by
the broadest permissible interpretation of the following
claims and their equivalents, and shall not be restricted or
limited by the foregoing detailed description.

While the computer-readable medium is shown to be a
single medium, the term “computer-readable medium”
includes a single medium or multiple media, such as a cen-
tralized or distributed database, and/or associated caches and
servers that store one or more sets of instructions. The term
“computer-readable medium” shall also include any medium
that is capable of storing, encoding, or carrying a set of
instructions for execution by a processor or that cause a
computer system to perform any one or more of the methods
or operations disclosed herein.
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In a particular non-limiting, exemplary embodiment, the
computer-readable medium can include a solid-state memory
such as a memory card or other package that houses one or
more non-volatile read-only memories. Further, the com-
puter-readable medium can be a random access memory or
other volatile re-writable memory. Additionally, the com-
puter-readable medium can include a magneto-optical or
optical medium, such as a disk or tapes or other storage device
to store information received via carrier wave signals such as
a signal communicated over a transmission medium. Further-
more, a computer readable medium can store information
received from distributed network resources such as from a
cloud-based environment. A digital file attachment to an
e-mail or other self-contained information archive or set of
archives may be considered a distribution medium that is
equivalent to a tangible storage medium. Accordingly, the
disclosure is considered to include any one or more of a
computer-readable medium or a distribution medium and
other equivalents and successor media, in which data or
instructions may be stored.

In the embodiments described herein, an information han-
dling system includes any instrumentality or aggregate of
instrumentalities operable to compute, classify, process,
transmit, receive, retrieve, originate, switch, store, display,
manifest, detect, record, reproduce, handle, or use any form
of information, intelligence, or data for business, scientific,
control, entertainment, or other purposes. For example, an
information handling system can be a personal computer, a
consumer electronic device, a network server or storage
device, a switch router, wireless router, or other network
communication device, a network connected device (cellular
telephone, tablet device, etc.), or any other suitable device,
and can vary in size, shape, performance, price, and function-
ality.

The information handling system can include memory
(volatile (e.g. random-access memory, etc.), nonvolatile
(read-only memory, flash memory etc.) or any combination
thereof), one or more processing resources, such as a central
processing unit (CPU), a graphics processing unit (GPU),
hardware or software control logic, or any combination
thereof. Additional components of the information handling
system can include one or more storage devices, one or more
communications ports for communicating with external
devices, as well as, various input and output (/O) devices,
such as a keyboard, a mouse, a video/graphic display, or any
combination thereof. The information handling system can
also include one or more buses operable to transmit commu-
nications between the various hardware components. Por-
tions of an information handling system may themselves be
considered information handling systems.

When referred to as a “device,” a “module,” or the like, the
embodiments described herein can be configured as hard-
ware. For example, a portion of an information handling
system device may be hardware such as, for example, an
integrated circuit (such as an Application Specific Integrated
Circuit (ASIC), a Field Programmable Gate Array (FPGA), a
structured ASIC, or a device embedded on a larger chip), a
card (such as a Peripheral Component Interface (PCI) card, a
PCl-express card, a Personal Computer Memory Card Inter-
national Association (PCMCIA) card, or other such expan-
sion card), or a system (such as a motherboard, a system-on-
a-chip (SoC), or a stand-alone device).

The device or module can include software, including firm-
ware embedded at a device, such as a Pentium class or Pow-
erPC™ brand processor, or other such device, or software
capable of operating a relevant environment of the informa-
tion handling system. The device or module can also include



US 9,422,944 B2

15

a combination of the foregoing examples of hardware or
software. Note that an information handling system can
include an integrated circuit or a board-level product having
portions thereof that can also be any combination of hardware
and software.

Devices, modules, resources, or programs that are in com-
munication with one another need not be in continuous com-
munication with each other, unless expressly specified other-
wise. In addition, devices, modules, resources, or programs
thatare in communication with one another can communicate
directly or indirectly through one or more intermediaries.

Although only a few exemplary embodiments have been
described in detail herein, those skilled in the art will readily
appreciate that many modifications are possible in the exem-
plary embodiments without materially departing from the
novel teachings and advantages of the embodiments of the
present disclosure. Accordingly, all such modifications are
intended to be included within the scope of the embodiments
of'the present disclosure as defined in the following claims. In
the claims, means-plus-function clauses are intended to cover
the structures described herein as performing the recited
function and not only structural equivalents, but also equiva-
lent structures.

What is claimed is:

1. An apparatus comprising: a first vibrating element
including: a flap formed in a first carbon fiber sheet, two sides
and a first end of the flap defined by an opening extending
through the sheet from a first major surface to a second major
surface, a second end of the flap remaining rooted in the fiber
sheet; and a piezoelectric transducer bonded to the first car-
bon fiber sheet adjacent to the second end of the flap.

2. The apparatus of claim 1, further comprising:

a controller including a signal generator coupled to the
piezoelectric element, the controller to control the
piezoelectric transducer to excite sympathetic vibration
of' the flap.

3. The apparatus of claim 1, wherein the portion of the
opening corresponding to the first end of the flap descends at
anacute angle relative to the first major surface and exits at the
second major surface opposite the root of the flap.

4. The apparatus of claim 1, wherein the portion of the
opening corresponding to the two sides and the first end of the
flap are perpendicular to the first and the second major sur-
face.

5. The apparatus of claim 1, further comprising:

a second carbon fiber sheet bonded to the second major
surface of the first carbon fiber sheet, the bonding
excluding the area coincident with the flap.

6. The apparatus of claim 1, further comprising:

an airflow sensor; and

a controller coupled to the vibrating element, the controller
to regulate operation of the vibrating element based on
information provided by the airflow sensor.

7. The apparatus of claim 1, further comprising:

a memory device to store a cooling profile; and

a controller coupled to the vibrating element and the
memory device, the controller to regulate operation of
the vibrating element based on the cooling profile.

8. The apparatus of claim 7, wherein vibrating element is
included at an information handling system and wherein the
cooling profile associates an operating configuration of the
vibrating element with a first application program executing
at the information handling system.

9. The apparatus of claim 1, wherein the first carbon fiber
sheet is one of a plurality of laminated layers, an intermediate
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layer including a thermoplastic material to dampen propaga-
tion of vibration from the first layer to an outermost layer of
the laminated layers.

10. The apparatus of claim 1, wherein the first carbon fiber
sheet is one of a plurality of laminated layer forming a com-
ponent of an enclosure of an information handling system.

11. The apparatus of claim 1, further comprising: a second
vibrating element including: a second flap formed in the first
carbon fiber sheet, two sides and one end of the second flap
defined by a second opening extending through the sheet from
the first major surface to the second major surface, a second
end of the second flap remaining rooted in the fiber sheet; and
a second piezoelectric transducer bonded to the first carbon
fiber sheet adjacent to the second end of the second flap.

12. The apparatus of claim 11, further comprising:

a plurality of temperature sensors; and

a controller coupled to each of the temperature sensor and
to the first and second vibrating element, the controller
to:
adjust operation of the vibrating element in response to

temperature information provided by the a tempera-
ture sensor closest to the vibrating element.

13. An apparatus comprising: a first vibrating element
including: a flap formed in a first carbon fiber sheet, two sides
and a first end of the flap defined by an opening extending
through the sheet from a first major surface to a second major
surface, a second end of the flap remaining rooted in the fiber
sheet; and a piezoelectric transducer bonded to the first car-
bon fiber sheet adjacent to the second end of the flap.

14. The method of claim 13, wherein the portion of the
opening corresponding to the first end of the flap descends at
anacute angle relative to the first major surface and exits at the
second major surface opposite the root of the flap.

15. The method of claim 13, wherein the portion of the
opening corresponding to the two sides and the first end of the
flap are perpendicular to the first and the second major sur-
face.

16. The method of claim 13, further comprising:

a second carbon fiber sheet bonded to the second major
surface of the first carbon fiber sheet, the bonding
excluding the area coincident with the flap.

17. An information handling system comprising: a lami-
nated enclosure component including: a first carbon fiber
sheet including a rectangular flap, two sides and a first end of
the flap defined by an opening extending through the sheet
from a first major surface to a second major surface, the
second end of the flap remaining rooted in the fiber sheet; a
second carbon fiber sheet bonded to the second major surface
of'the first carbon fiber sheet, the bonding excluding the area
coincident with the flap; and a piezoelectric transducer
bonded to the first carbon fiber sheet adjacent to the second
end of the flap.

18. The information handling system of claim 17, further
comprising:

a controller including a signal generator coupled to the
piezoelectric transducer, the controller to control the
piezoelectric element to excite sympathetic vibration of
the flap.

19. The information handling system of claim 17, wherein
the portion of the opening corresponding to the first end of the
flap descends at an acute angle relative to the first major
surface and exits at the second major surface opposite the root
of' the flap.

20. The information handling system of claim 17, wherein
the portion of the opening corresponding to the two sides and
the first end of the flap are perpendicular to the first and the
second major surface.
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